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Filed: November 4, 2003 



Examiner: Agustin Bello 
Group Art Unit: 2633 
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To: Commissioner of Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 



I, Orlando Lopez, declare that: 

1 . I am the patent agent/attorney who prepared the above-referenced patent application. 

2. Prior to May 29, 2003, the assignee, Agilent Technologies, Inc., contacted the law firm of 
Perkins Smith & Cohen LLP and requested them to file a patent application on the combined 
Invention Disclosure Nos. 10020907 and 10020912 (copies attached with dates deleted). 

3. At least three draft patent applications were generated by me for review and revision 
(comments) by the inventor, Thomas W. Stone, just prior to May 29, 2003 to November 4, 
2003, at which date the application was filed in the U.S. Patent and Trademark Office. 

4. Each draft patent application improved upon the prior draft xmtil the inventor, Thomas W. 
Stone, approved the final draft for filing as a patent application. 

I even further declare that all statements made herein of my own knowledge are true and that 
all statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so made 
are pxmishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United 
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States Code and that such willful false statements may jeopardize the validity of the 
application or any patent issued thereon. 
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patent aop^So n is authorized, ormied mdmAamsdto ^e Qaifwrnnent fA««4«au««r« 



Oeacrlptf ve Title of Invention: 
Mv»l«fi^6& Smlmctiirm Cromm^Cowieiet Bmmmdi On Switohahlm Qntinffs 



Nameef Prafeot; PUiot 



Product Nemo or NumbeR WA 



Was a descr^tion of the invemion published, or are you planning to publish? If so, (he date(s) and publication(s): 
Never PtMshed— Included h latatrwIA^Ier^ Power-Ma Presentation 

JVu a product including ihelnveniton announce if«o,lhedale(a)andlocation(s): 

Was the invention disclosed to anyone outside of AGlEAfT TECHNOLOGIES, or wOl sucfi disclosure occui? If so, the datefs) and nametsV 
To mylamriedlge. ruHWs^eedaultikto ofA^enL ^ 



Was the invention descdbed in a lab book or other record? If so, ptoase kSen&y (lab boolc tf, etc.) 
Pomrpoimpresemathn and ^ books (JWS-I end 7^-2) 
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A. 



PRIOR SOLUTIONS AND THEIR DISADVANTAGES 



Other wavelength selectable cross connects are typically slower, more expensive, exhibit higher insertion loss, 
lower crosstalk suppression, and in some cases may be inferior with respect to size, WDL and PDL 



The wavelength selectable cross connects of this invention exhibit higher speed (tens or hundreds of 
microseconds), much lower insertion loss, higher crosstalk suppression (isolation), and may be more compact 
than other approaches, in addition, there is a potential for greatiy reduced cost with this current device family 
Wavelength selectable cross connects are important optical telecom devices. 



The wavelength selectable cross connects of this invention exhibit higher speed (tens or hundreds of 
microseconds), much lower insertion loss, higher crosstalk suppression (isolation), and may be more compact 
than other approaches. In addition, tiiere is a potential for greatiy reduced cost with this current device family. 



A canonical IxN wavelength selectable cross connect of the present invention is shown in Figure 1. Here the 
input is separated into its m spectral WDM component signals (longer wavelengths deviated through larger 
displacements) using a twin grating disperser in which the gratings are typically parallel and of the same spatial 
frequency. The resolved WDM channels ere then passed through an array of m IxN switches as shown. This 
allovvs for each of the m input WDM channels to be independently routed to any of N output columns. The final 
orating pair combiner is identical to the input orating pair except that the final pair is wider (physically (sToer 
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PROBLEMS SOLVED BY THE INVB4TI0N 



C, 



ADVANTAGES OF THE INVENTION OVER WHAT HAS BEEN DONE BEFORE 



DESCRIPTION OF THE CONSTRUCTION AND OPERATION OF THE INVENTION 
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gratings^ but still just two gratings). This grating pair combines any wavelength channels present in a given 
column Into an array of N multipiexed outputs as shown in Figure 1. In such a fashion, each of m wavelength 
signals in the input can be independently routed to any of N output ports or fibers. 



Pinot Wavelength Selectable Ixn Cross Connect 
(Generic Configuration) 
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output 1 
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Figure 1. 

The less cluttered case of illustrating only 4 of the m channels being switched is shown in Figure 2. 
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Pinot Wavelength Selective Ixn Cross Connect 
(Generic Configuration) 
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Figure 2. 

An ideal candidate for the array of m IxN switches for the present invention is the front half of the IMxN cross 
connect as described in existing Agilent patents and shown in Figure 3. 

Pinot Wavelength Selectable IxN Cross Connect 
Switch Option 
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Figure 3. 
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This array of m IxN switches has veiy low insertion loss and is compact for the typical dimensions of wavelength 
selective cross-connect likely to be used in telecom applications. Further it is relatively Inexpensive since only a 
small number of stripe-plxellated gratings need be fabricated for the array (e.g., 3 gratings for an array of 80 1x8 
switches). 

A more compact alternative for the array of m IxN switches is shown in Figure 4. Here N switchable gratings are 
stripe pixelfated (a cross section of 1 of m stripe pixel layers shown in Figure 4) and form the array of m IxN 
switches. The details of this switch array follow from the planar crossbar invention previously disclosed. The 
transmission-grating version is shown, and an analogous switched holographic mirror version has the advantage 
of near zero WDL when fiber coupled and is also described in the planar crossbar invention. 
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Figure 4. 
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provide for the general wavelength selective LxN cross connect function. Accordingly any wavelength in any of 
the Input fibers can be routed to any of the output fibers. Many different technologies can be used for the array of 
M LxM switches. Such based on switchable gratings are desirable due to their low insertion loss and high speed. 
One such switch array is an array of planar cross connects as described in an earlier disclosure and shown in 
Hgure 6. The switch of Figure 6 would be a single layer of a stack, shown in cross-section from above. This 
device as shown would be inserted in the configuration of Figure B and the resulting configuration would then be 
as shown but deviated through 90 degrees at the switch. The swit ghable mirror version of t he planar crossbar 
w ould be preferable since there would be no residual angular or lateral dispersion from the switch. Similarly the 
transmission switch array of Figure 7 could be used, and would result In an offset The advantage of the switch of 
Figure 7 is that it is wavelength compensated for angular dispersion even with transmission gratings, although 
there is residual lateral dispersion. The lateral dispersion of the switch array of Figure 7 is readily reduced by 
replacing the single large final compensation grating with the extension of the lower edge gratings to an L-f 1 
level, and using a mirror array to redirect the compensated beams downward again. 
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authorization. Submit this disclosure to Uia Agilent Teohnologlas Legal Department as soott as possible. No patent protection is possible until a 
patent application is authorized, prepafai andsubmUedto the GomnmenL 



Descriptive Title of Invention: 
q^jbrid AWG/Swltished'-Gxatinff fWM Deviaes 



Name Of Project: Pinot 



Product Name or Number: MM 



Was a descripUon of the Invention published, or are you planning to publish? If so. the dale($) and publfcatlon(5): 
Never Published— included in Internal Agilent Power-Point Presentation 

Was a product induding the invention announced, offered for sale, sold, or is such activity proposed? If so, (he date(s) and tocation($): 

Was the invention disclosed to anyone outside of AGILENT TECHNOLOGIES, or will such disdosure occur? If so, the date(s) and name(s): 
To myknowbdgie, not dkchsed outdde ofAgter^, 

Umorthe abovQ^mfmsv^occurwimSmoms. esfl your IP attorney or the UsiaOepaifnmt now ai 1^S^B$1 Qr970^5^6t 



Was the Invention described in a lab took or other record? If so, please identity (lab book #. etc.) 
PowerPoint presentation and lab boolcs (JWS-I and TW$'2) 



Was the Invention built or tested? If so. the date: 

The Invent was nof built, but the components were understood and so I believe that It was 'constnsctively reduced to practice' 



Was this invention made under a government contract? If so, 0ie agency and contract number 
No Government Support 



Description of Invention; Please presence all records of the invention and attach additional pages for the following. Each addlOonal page ^ouid 
be ^gned and dated by the inventor(s} and witness(es). See Attached. 

A. Prior solutions and their disadvantages (if available, attach o^'es of product literature, technical articles, patents, etc.). 

B. Problems solved by the invention. 

C. Advantages of the invention over what has been done before. 

D. DesaJption of the construction and operation of the invention (include appropriate schematic, block. & timing diagrams; drawings; samples; 



Signatuie of lnventor(s): 1 (we) hereby submit this disclosure on this date: ( C 
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Instructions: The mformation contained in this document is COMPANY CONFIDENTIAL and may not be disclosed to otiiers without prior 
authorization. Submit this dlsdosure to the Agilent Technologies Legal Department as soon as pos^ble. No patent protection is possible until a 

patent appfication is authorized, prepared, and gubmBfed to the Government 

Descriptive Title of Invention: 

Hybrid AWG/8wlt€shQd^Tat±ng DBviaes 



Name of Project: Plnot 
Product Name or Number: N/A 



Was a descripOon of the invention published, or are you planning to pubifsh? If so. Ihe date(s) and publIcation(s): 
Never PubBshed— Included In Internal Agilent Power-Point Presentation 

Was a product Induding the Invention announced, offered for sale. sold, or is such activity proposed? If so, the date(s) and location(s): 
MM 

Was the Invention disclosed to anyone outside of AGILENT TECHNOLOGIES, or will such dlsdosure occur? If so, the date(s) and name(s): 
To my knowledge, not dbcbsed oulsfcfe ofAgBent, 

ifanyofthB above situations wS occur wHhin 3 monOts, caS your IP aUom eyorthe Legai Depaitment now at 1-635^861 or 970-63^861, 



Was the Invention described in a lab book or other record? If so. please identify (lab book #. etc.) 
Povmrpoint presentation and lab books (TWS-I and TWS'2) 



Was the invention built or tested? If so, the date: 

The Invert was not buHt, but the con^nents were understood and so I beUeve that it was 'constni^ively reduced to pra<^'. 



Was this Invenfron made under a government contract? If so. the agency and contract number 
Mb Goverrmonl Support 



Description of Invention: Please presenre all records of the invention and attach ^ditionai pages tbrUie following. Each addlOonalpage should 

be signed and dated by the inventor(s) and witness(es). See Attached. 
A. Prior solutions and their disadvantages (if available, attach copies of product literature, technical articles, patents, etc.). 
B. 
C. 
0. 



Problems solved by the invention. 
Advantages of the invention over what has been done before. 

Description of the construction and operation of the invention (include appropriate schematic, block. & timing diagrams; drawings; samples; 



Signature of lnventor(s]: 1 (we) hereby submit this disclosure on this date: [ : 
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A. PRIOR SOLUTIONS AND THEIR DISADVANTAGES 

The dfsperser-comblner switched grating devices can require significant complexity to fitin a small product footprint In 
addition, the WDL and other specs can be large without added system complexity. 



B. 



PROBLEMS SOLVED BYTHE INVENTION 



The present Invention can greatly reduce the size of switched grating based tunable filters, Inteileavers, band channellzers, 
and wavelength selectable cross connects. Further, there is potential for reducing the CD of these systems with the present 
Imrentlon. 

C. ADVANTAGES OFTHE INVENTION OVER WHAT HAS BEEN DONE BEFORE 

The present Invention can greatly reduce the size of switched grating based tunable flitersp Interieavers, band channelizeis, 
and waveien^ selectable cross connects. Part of the size reduction Is due to the efficient manner in which the diffevent 
wavelength channels are resolved, and the relatively uniform spacing that can result Further, there is potential for reducing 
the CD of Uiese systems with the present invention. 

D. DESCRIPTION OFTHE CONSTRUCTION AND OPERATION OF THE INVENTION 

Canonical Dispenser/ Combiner (CDC) 
(SogmentaUe Hatfonri) 
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Figure 1. 
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in the canonical disperser/combiner shown In Figure 1, grating pairs are used first to disperse the WDM channels spatially, 
and then to recombine them. In the present invention, the grating pairs are each substituted with either single Anray 
Waveguide Gratings (AWGs) or arrays of AWGs. ^ 

The switchable filter configuration In Hgure 2 Illustrates the present invention. In this tunable filter system, the pixellated 
switched grating (or cascade of switched gratings for enhanced contrast) are used as before, but in place of the grating pair 
dispersers and combiners, Anray Waveguide Gratings (AWGs) are used. This has the advantage of potentially reducing the 
size and CD of the^stem, but this advantage comes at possibly an increased system cost (two AWGs); and the insertion 
loss, CD, WDL, etc. perfomiance of the AWGs are introduced into the overall tunable filter performance. AWG cost and 
performance are rapidly Improving, and so this is potentially an excellent trade-off in retaining the low insertion loss and 
high speed of switched grating systems and the compactness of the AWG dispersion. 

In the configuration of Figure 2, microlens an^ys are used to transform the output of the AWGs into free space beams and 
back into waveguides again. Anamorphic optics may be used optionally to transform the waveguide outputs of the AWGs 
Into circular beams. 
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Pinot Switchable HIter 
(Riee-Space AWG h^'d) 
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• R36sible issues with insertion loss, filter shspe. cost, CD, . . . 
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Rgure2. 



In the prior example, each grating pair was replaced with a single AWG. The IxN wavelength selectable cross connect of the 
accompanying disclosure can also benefit from the AWG substitution, and in this case the first grating pair in figure 3 is 
replaced by a single AWG as in Figure 2, and the second (wide) grating pair is replaced with an array of N AWGs. 
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RnotSwitchaUeRlter 
(Riee-Space AWG Hybrid) 
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Figure 2. 



In the prior example, each grating pair was replaced with a single AWG. The IxN wavelength selectable cross connect of the 
accompanying disclosure can also benefit from the AWG substitution, and in this case the first grating pair in figure 3 Is 
replaced by a single AWG as in Figure 2, and the second (wide) grating pair is replaced with an anay of N AWGs. 
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Rnot Wavelength Selective LxN Cross Connect 
(Generic Configuration) 
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Figure 4. 
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